Two Gram-stain-negative, rod-shaped phototrophic bacteria (designated strains N1
The genus Rhodobacter belongs to the family Rhodobacteraceae of the class Alphaproteobacteria in the phylum Proteobacteria. Members of this genus are Gram-stain-negative and contain bacteriochlorophyll-a. Phosphatidylglycerol (PG), phosphatidylethanolamine (PE) and phosphatidylcholine (PC) are the major polar lipids of species of the genus Rhodobacter (Raj et al., 2013) . Species of this genus have been isolated from different environmental samples, like a brown-coloured microbial mat (Venkata Ramana et al., 2009) , semi-arid tropical soils (Girija et al., 2010) , marine habitats (Venkata Ramana et al., 2008; Srinivas et al., 2007) , polluted pond sediment (Srinivas et al., 2008) and mud of a stream (Raj et al., 2013) . At the time of writing, a twelve species names are validated in this genus. During bacterial diversity analysis from sediment samples collected in October 2015 from a lagoon located near North Carolina Central University, North Carolina, USA (geographical coordinates: 35 37¢ 07.4 † N 77 20¢ 06.2 W), two bacterial strains designated N1
T and C7, belonging to the genus Rhodobacter, were isolated from sediment samples and characterized based on a polyphasic taxonomic approach.
Strain N1
T and C7 were purified from an enrichment in a growth medium (Subhash et al., 2013a; pH 7.5 ) incubated at 2400 lx, 28-30 C for 10 days in a 50 ml fully filled screwcapped bottle. Basal medium with sodium pyruvate (0.3 %, w/v), yeast extract (0.3 %, w/v), Casamino acids (0.001 %, w/v) and ammonium chloride (0.01 %, w/v) was used for the growth of both the strains, which were purified on agar slants as described by Raj et al. (2013) .
Genomic DNA was isolated and purified according to the method of Marmur (1961) , and the G+C content of strains N1
T and C7 were determined by HPLC to be 70.6 ±1 mol% (Mesbah et al., 1989) . Well-isolated colonies were used for 16S rRNA gene amplification by using universal primers (27F and 1492R) as described by Kim et al. (2016) . The reaction mixture was analysed by using a model 3730XL automated DNA sequencing system (Applied Biosystems) at Macrogen Inc. The 16S rRNA gene sequences of both the strains were identified by BLAST search analysis on the EzTaxon-e server (Kim et al., 2012 T and C7 shared 100 % 16S rRNA gene sequence similarity. Sequence alignment was carried out using the SILVA incremental aligner (SINA; http://www.arb-silva.de) service, and MEGA6 software (Tamura et al., 2013) was used for phylogenetic analyses. Distances were calculated using Kimura's two-parameter method (Kimura, 1980) in a pairwise deletion procedure. Neighbour-joining, maximum-likelihood and maximum-parsimony methods in MEGA6 software were used to reconstruct phylogenetic trees which confirmed the clustering of strains N1
T and C7 with species of the genus Rhodobacter (Fig. 1) T (=JA737 T ) was examined using DNA-DNA hybridization as described by Ezaki et al. (1989) , using photobiotin-labelled DNA probes and microdilution wells. Hybridization was performed with three replicates for each sample and the mean values are quoted as DNA-DNA relatedness.
Cell shape, cell division and cell size were observed by phase contrast (Olympus BX51 microscope) and transmission electron microscopy (JEM-1010; JEOL) of photoheterotrophically grown cultures. Flagellar motility was observed under a phase contrast microscope and was also confirmed using the hanging-drop method. The internal membrane structures were viewed with a transmission electron microscope (JEM-1010; JEOL) after the cells had been processed as described by Hanada et al. (2002) . Growth was examined in a broth medium described above. Buffered medium was used for growth at different pH as described previously (Subhash et al., 2013a) . Growth at different NaCl concentrations and temperatures was tested under photoheterotrophic conditions as described previously (Raj et al., 2013; Subhash et al, 2013c 
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Rhodobacter veldkampii T and C7 within the genus Rhodobacter. The tree was reconstructed by the neighbour-joining method using MEGA6 software, and was rooted by using Paracoccus sediminis CMB17 T (GenBank accession no. JX126474) as the outgroup. Numbers at nodes represent bootstrap values (percentages, based on 1000 resamplings) for neighbour-joining/maimum-likelihood/maximum-parsimony analysis. GenBank accession numbers for 16S rRNA gene sequences are shown in parentheses. Bar, 0.005 nucleotide substitutions per 100 nucleotides. concentration of 0.1 % (w/v) (Xu et al., 2010) , and the pH was adjusted to 7.5 with 1 M NaOH. Acid production from organic carbon sources (D-glucose, D-fructose, cellobiose, maltose, L-rhamnose, L-raffinose, L-arabinose, D-melibiose and sucrose) were tested under phototrophic conditions as described by Subhash et al. (2013c) . For testing sulfur sources, MgSO 4 Á 7H 2 O was replaced by MgCl 2 Á 5H 2 O (0.2 %) and different sulfur sources (sodium sulfide, sodium thiosulfate, magnesium sulfate, sodium sulfite, all at 0.5 mM). Sulfate, thiosulfate and elemental sulfur were used as a sulfur source by strains N1
T and C7. Sensitivity to different antibiotics was tested as described previously (Shivani et al., 2015) . Physiological characteristics of photoheterotrophically grown cultures were determined with an API ZYM kit (bioM erieux; Table 1 ) according to the manufacturer's recommendations. Cellular fatty acids of photoheterotrophically grown cultures were analysed as described by Sasser (1990) . Polar lipid analyses were performed using 1 g freeze-dried cells of photoheterotrophically grown cultures as described previously (Subhash et al., 2013b, c; Oren et al., 1996) . Quinone analysis was performed after extraction with chloroform and methanol (2 : 1, v/v) by previously described methods (Imhoff, 1984; .
Cells of both strains were rod-shaped, 0.5-0.7 µm wide and 2.1-4.0 µm long (Fig. S1A, B , available in the online Supplementary Material). Cell division occurred by binary fission and both strains had vesicular type of internal membrane structure (Fig. S1C) . Photoheterotrophic growth of both strains occurred between pH 6.0 and pH 9.0 with an optimum between pH 6.5 and pH 8.0. Both strains grew photoorganoheterotrophically with a number of organic carbon sources (Table 1) . Photolithoautotrophy [anaerobically, in the light (2400 lx), with Na 2 S Á 9H 2 O (0.5 mM)/Na 2 S 2 O 3 (1 mM)/H 2 (20 %, v/v) and NaHCO 3 (0.1 %, w/v)] and chemoorganoheterotrophy [aerobic, in the dark, with pyruvate (0.3 %, w/v)] were also observed. Chemolithoautotrophy [aerobic, in the dark, with Na 2 S 2 O 3 Á 5H 2 O (1 mM) and NaHCO 3 (0.1 % w/v)] and fermentative growth [anaerobic, in the dark, with pyruvate/glucose (0.3 %, w/v)] were not observed in either strain. Anaerobic growth (under dark conditions) with nitrate, nitrite and dimethylsulfoxide was not observed. Vitamin requirement was tested (five serial transfers of sub-culturing) by replacing yeast extract with single and also combinations of vitamins as growth factors, and both strains did not require any additional vitamin source for growth.
Both strains grew with ammonium chloride as good nitrogen source and diazotrophic growth was not observed. NaCl is not obligatory for growth of both strains and can be tolerated up to 3.5 %. Both strains were mesophilic and positive for catalase and oxidase activities. Casein, starch, urea and Tween 20 were hydrolysed while chitin, gelatin and Tween 80 were not hydrolysed by both strains. D-Glucose, D-fructose, maltose, dextrin, D-mannitol, D-sorbitol, sucrose, aspartate and glutamate were utilized for growth while cellobiose and L-rhamnose were not. Both strains produced acid from D-glucose, D-fructose, maltose, D-galactose, D-mannitol,melibiose, L-arabinose and sucrose while acid was not produced from cellobiose. Both strains were sensitive to nalidixic acid (100 µg), chloramphenicol (100 µg), rifampicin (100 µg) and ampicillin (100 µg), but resistant to penicillin G (100 µg). Strains N1 T and C7 were positive for esterase (C4), esterase lipase (C8), leucine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase. Both strains showed negative reactions for alkaline phosphatase, lipase (C14), valine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities.
The colour of phototrophic cultures was reddish-brown, while aerobic cultures appeared dark brown. In vivo absorption spectra of all the strains were measured in sucrose solution with a Spectronic Genesys 2 spectrophotometer (Trüper & Pfennig, 1981) . Strains N1
T and C7 exhibited maxima at 378, 482, 512, 590, 800 and 860 nm (Fig. S2) , which indicated the presence of carotenoids and bacteriochlorophyll-a. Pigment analysis was performed by the method described by Venkata , and confirmed the presence of hydroxyspheroidenone, spheroidenone, hydroxyspheroidene, spheroidene, unidentified carotenoids (1-10) and bacteriochlorophyll-a in all the tested strains (Fig. S3) .
In both strains, C 16 : 0 (4.9 %), C 18 : 0 (6.7 %)C 16 : 1 !6c/ C 16 : 1 !7c (6.1 %) and C 18 : 1 !6c/C 18 : 1 !7c (66.7 %) were the predominant fatty acids, with minor amounts of C 8 : 0 3-OH (1.4 %), anteiso-C 14 : 0 (1.8 %), C 17 : 0 (1.1 %), C 14 : 1 !5c (2.6 %), C 17 : 0 10-methyl (1.6) and C 18 : 1 !5c (2.4 %) ( T by the presence of C 8 : 0 3-OH and anteiso-C 14 : 0 and by the absence of C 10 : 0 3-OH (Table 1) . PG and PE were major polar lipids of strains N1 T and C7. PC, unidentified lipids (L1-4) and unidentified phospholipid (PL1) were detected as minor lipids in both strains (Fig. S4A) . The polar lipid profile of strains N1
T and C7 differed from Rhodobacter capsulatus KACC 15298 T (Fig. S4B) and Rhodobacter viridis KCTC 15167 T (Fig. S4C ) by the absence of unidentified aminolipid (AL) and unidentified phospholipid (PL2). Q-10 (>90 %) was the major quinone of strain N1 T , strain C7, Rhodobacter capsulatus KACC 15298 T and Rhodobacter viridis KCTC 15167 T .
The G+C content of the genomic DNA of strains N1 T and C7 was 70.6±1 mol%. Phylogenetic relationships of strains N1 T (1407 nt) and C7 (1398 nt) were examined by 16S rRNA gene sequence comparisons and the BLAST analysis revealed that strains N1
T and C7 belong to the genus Rhodobacter in the family Rhodobacteraceae of the class Alphaproteobacteria (Fig. 1 author's laboratory under identical conditions. All strains are positive for catalase and oxidase activity; starch and casein hydrolysis; utilization of D-glucose, maltose, dextrin and pyruvate; acid production from sucrose, maltose and L-arabinose; sulfate assimilation; and leucine arylamidase and acid phosphatase activities. All strains are negative for chitin and gelatin urea hydrolysis; nitrate reduction; acid production from D-glucose, L-raffinose, L-rhamnose and melibiose; and activity of lipase (C14), valine arylamidase, a-galactosidase, b-galactosidase, b-glucuronidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. All strains are susceptible to chloramphenicol and ampicillin, and have phosphatidylglycerol (PG), phosphatidylethanolamine (PE), unidentified phospholipids (PL1À2), and an unidentified amino lipid (AL) in the polar lipid profile. +, Present/utilized; À , absent/not utilized; L1-4, unidentified polar lipids. T and C7 was 90±2 %.
Strains N1
T and C7 were distinct (Table 1 ) from their closest phylogenetic neighbours, Rhodobacter capsulatus ATCC 11166 T and Rhodobacter viridis JA737 T with respect to colony and cell morphology, organic carbon source utilization, hydrolysis of urea, slime production, antibiotic resistance to penicillin G and susceptibility to nalidixic acid and rifampicin, growth temperature range, fatty acids and polar lipid profiles and relatively higher genomic G+C content. Based on morphological, physiological, chemotaxonomical and genotypic differences with Rhodobacter capsulatus KACC 15298 T and Rhodobacter viridis KCTC 15167 T (Table 1 ) and other members of the genus Rhodobacter, we propose strain N1
T represents a novel species of the genus Rhodobacter with the name Rhodobacter sediminis sp. nov.
Description of Rhodobacter sediminis sp. nov.
Rhodobacter sediminis (se.di¢mi.nis. L. gen. n. sediminis of a sediment).
The colour of phototrophically grown culture is reddishbrown, while aerobic cultures appear dark brown. Cells are rod-shaped, Gram-stain-negative, 0.5-0.7 µm wide and 2.1-4.0 µm long. Cells are motile and multiply by binary fission. Anaerobic growth occurs with light, and internal photosynthetic membranes are vesicular. The type strain is mesophilic. NaCl is not required for growth and is tolerated up to 3.5 %. Growth occurs at 12-45 C (optima 27-35 C) and at pH 6.0-9.0 (optima pH 6.5-8.0). Anaerobic growth (under dark conditions) with nitrate, nitrite and dimethylsulfoxide is not possible. Catalase-and oxidase-positive. Casein, starch, urea and Tween 20 are hydrolysed, while chitin, gelatin and Tween 80 are not. D-Glucose, D-fructose, maltose, dextrin, D-galactose, D-mannitol, D-sorbitol, sucrose, aspartate, pyruvate and glutamate are utilized for growth, while cellobiose, L-rhamnose, L-raffinose and lactose are not. Acid production occurs from D-fructose, D-galactose, maltose, D-mannitol, L-arabinose and sucrose, while acid is not produced from D-glucose, melibiose, L-rhamnose, L-raffinose and cellobiose. Sulfate, thiosulfate and elemental sulfur are used as a sulfur source. Sensitive to nalidixic acid, chloramphenicol, rifampicin and ampicillin, but resistant to penicillin G. Negative for denitrification activity and positive for esterase (C4), esterase lipase (C8), leucine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase activities. Negative reaction for alkaline phosphatase, lipase (C14), valine arylamidase, trypsin, a-chymotrypsin, agalactosidase, b-galactosidase, b-glucuronidase, b- glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Pigmentation of the colony is due to the presence of bacteriochlorophyll-a, hydroxyspheroidenone, spheroidenone, hydroxyspheroidene, spheroidene and unidentified carotenoids (1-10) Ammonium salts are used as good nitrogen sources and diazotrophic growth is not possible. C 16 : 0 , C 18 : 0, C 16 : 1 !6c/C 16 : 1 !7c and C 18 : 1 !6c/ C 18 : 1 !7c are the predominant fatty acids, with minor amounts of C 8 : 0 3-OH, anteiso-C 14 : 0 , C 17 : 0, C 14 : 1 !5c, C 17 : 0 10-methyl and C 18 : 1 !5c. PG and PE are major polar lipids with minor amounts of PC, unidentified lipids (L1-4) and an unidentified phospholipid (PL1). Q-10 is the major quinone.
The type strain is N1 T (=KEMB 563-471 T =JCM 31175 T ) isolated from sediment of a lagoon located near North Carolina Central University, North Carolina, USA. The G+C content of the genomic DNA of the type strain is 70.6 mol% (by HPLC). Strain C7 is an additional strain of the species.
